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^54) POSITION CALCULATING DEVICE 
v5 7) Abstract 

PROBLEM TO BE SOLVED: To make judgement of failure in the calculating speed 
continuously even in case electric wave signals from a GPS satellite are not receivable 
and calculate the speed and position of a moving body accurately. 
SOLUTION: An inertia) navigation sensor 1 1 senses the acceleration and angular 
velocity of a moving body using an acceleration sensor and gyroscopic sensor, and a 
GPS receiver 1 calculates the absolute position of the moving body from the electric 
wave signals given from a GPS satellite. When electric wave signals from the GPS 
satellite are received, a navigation calculating means 12 calculates the speed and 
Dosition of the moving body using the data given by the GPS receiver 1 and inertial 
navigation sensor 1 1, and calculates them using the data given by the sensor 1 1 when 
such signals are not being received, and in case the speed calculated by a failed speed 
udging means 14 is judged as failure, it re-calculates the speed and position of the 
moving body on the basis of the mean speed calculated by an at-reception mean speed 
calculating means 13. 
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(54) POSITION CALCULATING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To make judgement of 
failure in the calculating speed continuously even in case 
electric wave signals from a GPS satellite are not 
receivable and calculate the speed and position of a 



moving body accurately. 



SOLUTION: An inertial navigation sensor 1 1 senses the jcre^fl| l«|^ 
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acceleration and angular velocity of a moving body using 
an acceleration sensor and gyroscopic sensor, and a 
GPS receiver 1 calculates the absolute position of the 
moving body from the electric wave signals given from a 
GPS satellite. When electric wave signals from the GPS 
satellite are received, a navigation calculating means 12 
calculates the speed and position of the moving body 
using the data given by the GPS receiver 1 and inertial 

navigation sensor 1 1 , and calculates them using the data given by the sensor 1 1 when such 
signals are not being received, and in case the speed calculated by a failed speed judging 
means 14 is judged as failure, it re-calculates the speed and position of the moving body on 
the basis of the mean speed calculated by an at-reception mean speed calculating means 13. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The inertial-navigation sensor which has an acceleration sensor and a gyroscope sensor, 
respectively, and detects the acceleration and angular velocity of a mobile at least, The electric-wave 
signal from a GPS (Global Postioning System) satellite is received. At least The GPS receiver of a 
mobile which computes a location absolutely, At the time of reception of the electric-wave signal from a 
GPS Satellite, the rate and location of a mobile are calculated using said GPS receiver and said inertial- 
navigation sensor. At the time of un-receiving [ of the electric-wave signal from a GPS Satellite ] A 
navigation problem means to calculate the rate and location of a mobile using said inertial-navigation 
sensor, At the time of the reception which calculates the mean velocity of the mobile at the time of 
reception of the electric-wave signal from a GPS Satellite, a mean velocity count means, At the time of 
un-receiving [ of the electric-wave signal from a GPS Satellite ], it has an abnormality judging means in 
a rate to judge whether the rate calculated with said navigation problem means is unusual. Location 
calculation equipment characterized by re-calculating the rate and location of a mobile based on the 
mean velocity calculated by the mean velocity count means at the time of said reception when said 
navigation problem means is judged as said rate being unusual by said abnormality judging means in a 
rate. 

[Claim 2] The inertial-navigation sensor which has an acceleration sensor and a gyroscope sensor, 
respectively, and detects the acceleration and angular velocity of a mobile at least, The electric-wave 
signal from a GPS (Global Postioning System) satellite is received. At least The GPS receiver of a 
mobile which computes a location absolutely, At the time of reception of the electric-wave signal from a 
GPS Satellite, the rate and location of a mobile are calculated using said GPS receiver and said inertial- 
navigation sensor. At the time of un-receiving [ of the electric-wave signal from a GPS Satellite ] A 
navigation problem means to calculate the rate and location of a mobile using said inertial-navigation 
sensor, At the time of the reception which calculates the mean velocity of a mobile based on the rate 
calculated with said navigation problem means at the time of reception of the electric-wave signal from 
a GPS Satellite, a mean velocity count means, A mean velocity count means to calculate the mean 
velocity of a mobile based on the rate calculated with said navigation problem means also at the time of 
any at the time of reception of the electric-wave signal from a GPS Satellite, and un-receiving, The 
mean velocity calculated by said mean velocity count means at the time of un-receiving [ of the electric- 
wave signal from a GPS Satellite ] and the mean velocity calculated by the mean velocity count means 
at the time of said reception are measured. It has an abnormality judging means in a rate to judge 
whether the rate calculated with said navigation problem means is unusual. Location calculation 
equipment characterized by re-calculating the rate and location of a mobile based on the mean velocity 
calculated by the mean velocity count means at the time of said reception when said navigation problem 
means is judged as a rate being unusual by said abnormality judging means in a rate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is carried in mobiles, such as an automobile, and is used for a 
car-navigation system etc. about the location calculation equipment which computes a location, a rate, 
etc. in current of the mobile. 
[0002] 

[Description of the Prior Art] As conventional location calculation equipment carried in a car etc., there 
are some which are indicated by JP,7- 134040, A, for example. Drawing 3 is the block diagram showing 
the outline configuration of the location calculation equipment which has the same configuration as what 
is indicated by JP,7- 134040, A, and, as for a navigation problem means and 3, the receiver (henceforth a 
GPS receiver) by the side of a user [ in / in 1 / GPS (Global Postioning System) ] and 2 are [ a mean 
velocity count means and 4 ] the abnormality judging means in a rate. 

[0003] Next, the actuation is explained about the conventional location calculation equipment 
constituted as mentioned above. GPS receiver 1 computes the rate of a mobile, absolute bearing, etc. 
based on this absolute location while it receives the electric-wave signal (henceforth a GPS signal) 
transmitted from two or more satellites (henceforth a GPS Satellite) which exist on a predetermined 
orbit in GPS and computes the absolute location of a mobile periodically using this GPS signal. It 
becomes impossible for this reason, for GPS receiver 1 to compute both the rate of a mobile absolute 
bearing and an absolute location in the condition that a GPS signal is unreceivable. 
[0004] The navigation problem means 2 computes the rate (henceforth a velocity vector), the rate which 
are bearing and the mobile absolutely outputted to the equipment exterior using a location absolutely, 
and the current position which are made into the vector of the mobile computed by GPS receiver 1 . 
Here, the navigation problem means 2 may perform map matching processing in which the current 
position of the computed mobile etc. is laid on top of map data, when map data are obtained. In this 
case, for example, the rate of the mobile outputted to the equipment exterior is outputted as speed of the 
car which moves along a road, and the current position is outputted as a location or the name of a place 
on a map etc. Moreover, the mean velocity count means 3 calculates the average (mean velocity) of a 
rate from the last location, this location, and the period that computes these, whenever the location of a 
mobile is newly computed by the navigation problem means 2 at the time of reception of a GPS signal. 
[0005] When it judges and is judged with said mean velocity not being found into tolerance, it is judged 
that the mean velocity is unusual whether the abnormality judging means 4 in a rate is in the tolerance 
where the mean velocity calculated by the mean velocity count means 3 is considered from the 
movement property of mobiles, such as a car. The navigation problem means 2 presumes a current 
location based on this last mean velocity and the location to last time, and outputs these rates and 
locations while it makes the rate outputted to the rate and the equipment exterior for computing the 
location of a mobile the mean velocity computed last time, when mean velocity is judged to be unusual 
by the abnormality judging means 4 in a rate. 

[0006] As explained above, even when there is no mean velocity of a mobile into tolerance and normal 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/24/2006 



JP,10-170289,A [DETAILED DESCRIPTION] 



Page 2 of 6 



mean velocity is not obtained by judging that it is unusual and making the rate and the location which 
are outputted to the equipment exterior into the last mean velocity and the location presumed based on 
this mean velocity, with conventional location calculation equipment, the error of a rate and a location 
can be made small, respectively. 
[0007] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional location 
calculation equipment, at the time of un-receiving [ which cannot receive a GPS signal continuously ], 
since [ of a mobile ] a location etc. is unconfutable by any means, it will be limited at the time of the 
reception to which that the abnormality judging to a rate is attained can receive the electric-wave signal 
from a GPS Satellite. Furthermore, when a rate at present differs from the rate computed in front of 1 
period remarkably, the problem that the error of the rate which a navigation problem means outputs, and 
a location becomes large arises. 

[0008] While the abnormality judging to operation speed continues and the purpose of this invention 
becomes possible also when the electric-wave signal from a GPS Satellite is non-receipt in order to 
solve the above-mentioned technical problem, the rate and location of a mobile are to offer the location 
calculation equipment computed with a sufficient precision. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the location 
calculation equipment of this invention according to claim 1 The inertial-navigation sensor which has an 
acceleration sensor and a gyroscope sensor, respectively, and detects the acceleration and angular 
velocity of a mobile at least, The electric-wave signal from a GPS Satellite is received. At least at the 
time of the GPS receiver of a mobile which computes a location absolutely, and reception of the electric- 
wave signal from a GPS Satellite The rate and location of a mobile are calculated using said GPS 
receiver and said inertial-navigation sensor. At the time of un-receiving [ of the electric-wave signal 
from a GPS Satellite ] A navigation problem means to calculate the rate and location of a mobile using 
said inertial-navigation sensor, At the time of the reception which calculates the mean velocity of the 
mobile at the time of reception of the electric-wave signal from a GPS Satellite, a mean velocity count 
means, At the time of un-receiving [ of the electric-wave signal from a GPS Satellite ], it has an 
abnormality judging means in a rate to judge whether the rate calculated with said navigation problem 
means is unusual. When said navigation problem means is judged as said rate being unusual by said 
abnormality judging means in a rate, it is characterized by re-calculating the rate and location of a 
mobile based on the mean velocity calculated by the mean velocity count means at the time of said 
reception. 

[0010] According to location calculation equipment according to claim 1, and also at the time of un- 
receiving [ of the electric- wave signal from a GPS Satellite ] When the abnormality judging to the rate 
calculated with the data from an inertial-navigation sensor is attained and it judges that a rate is unusual 
with the abnormality judging means in a rate at this time While dissociation of whenever [ real velocity / 
of a mobile ] can continue and obtain few rates also in the time of un-receiving [ of a GPS signal ] by re- 
calculating the rate and location of a mobile based on the mean velocity calculated by the mean velocity 
count means at the time of reception The current position of a mobile can be presumed with a sufficient 
precision. 

[001 1] Moreover, the inertial-navigation sensor which location calculation equipment according to claim 
2 has an acceleration sensor and a gyroscope sensor, respectively, and detects the acceleration and 
angular velocity of a mobile at least, The electric-wave signal from a GPS Satellite is received. At least 
at the time of the GPS receiver of a mobile which computes a location absolutely, and reception of the 
electric-wave signal from a GPS Satellite The rate and location of a mobile are calculated using said 
GPS receiver and said inertial-navigation sensor. At the time of un-receiving [ of the electric-wave 
signal from a GPS Satellite ] A navigation problem means to calculate the rate and location of a mobile 
using said inertial-navigation sensor, At the time of the reception which calculates the mean velocity of 
a mobile based on the rate calculated with said navigation problem means at the time of reception of the 
electric-wave signal from a GPS Satellite, a mean velocity count means, A mean velocity count means 
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to calculate the mean velocity of a mobile based on the rate calculated with said navigation problem 
means also at the time of any at the time of reception of the electric-wave signal from a GPS Satellite, 
and un-receiving, The mean velocity calculated by said mean velocity count means at the time of un- 
receiving [ of the electric- wave signal from a GPS Satellite ] and the mean velocity calculated by the 
mean velocity count means at the time of said reception are measured. It has an abnormality judging 
means in a rate to judge whether the rate calculated with the navigation problem means is unusual. 
When said navigation problem means is judged as a rate being unusual by said abnormality judging 
means in a rate, it is characterized by re-calculating the rate and location of a mobile based on the mean 
velocity calculated by the mean velocity count means at the time of said reception. 
[0012] And according to location calculation equipment according to claim 2, effect of short-term 
velocity turbulence is lessened also at the time of un-receiving [ of the electric-wave signal from a GPS 
Satellite ]. It becomes possible to perform the abnormality judging to the rate calculated with the data 
from an inertial-navigation sensor with a sufficient precision, under the present circumstances, when it 
judges that a rate is unusual with the abnormality judging means in a rate While dissociation of 
whenever [ real velocity / of a mobile ] can continue and obtain few rates also in the time of un- 
receiving [ of a GPS signal ] by re-calculating the rate and location of a mobile based on the mean 
velocity calculated by the mean velocity count means at the time of reception The current position of a 
mobile can be presumed with a sufficient precision. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. 

(Gestalt 1 of operation) Drawing 1 is the block diagram showing the outline configuration of the 
location calculation equipment by the gestalt 1 of operation of this invention, attaches the same sign 
about the member corresponding to the member explained based on drawing 3 , and omits explanation. 
For 1 1, as for a navigation problem means and 13, in drawing 1 , an inertial-navigation sensor and 12 
are [ a mean velocity count means and 14 ] the abnormality judging means in a rate at the time of 
reception. 

[0014] Next, the actuation is explained about the location calculation equipment constituted as 
mentioned above. The inertial-navigation sensor 1 1 detects the angular velocity for getting to know 
change of advance bearing of a mobile by the gyroscope sensor while it has an acceleration sensor and 
one gyroscope sensor at least, respectively and detects the acceleration of the travelling direction of a 
mobile by the acceleration sensor. Furthermore, in order to make high detection precision over the 
acceleration and angular velocity of a mobile, there are some to which the acceleration sensor or 
gyroscope sensor for detecting the posture of a mobile was added in such an inertial-navigation sensor 
11. 

[0015] The navigation problem means 12 computes a part for include-angle change of the velocity 
vector of a mobile, a rate, migration length, and advance bearing by the predetermined count approach 
(this is hereafter called navigation problem) from the acceleration detected by the inertial-navigation 
sensor 11, and angular velocity. Fundamentally, since it is integral count, when the error is included in 
the acceleration or angular velocity detected by the inertial-navigation sensor 11, this error will 
accumulate with time the navigation problem which asks for a part for include-angle change of these 
velocity vectors, a rate, migration length, and advance bearing. Then, the navigation problem means 12 
amends a part for include-angle change of acceleration, a rate, a display speed, migration length, and 
advance bearing etc. at the time of quiescence of a mobile (initial alignment), and amends a part for 
include-angle change of the rate of a mobile, migration length, and advance bearing using the velocity 
vector, the absolute location, and absolute bearing which were computed by GPS receiver 1 at the time 
of the ability of a GPS signal ready for receiving. Here, the navigation problem means 12 may perform 
map matching processing in which the current position of the computed mobile etc. is laid on top of map 
data, when map data are obtained. In this case, for example, the rate of the mobile outputted to the 
equipment exterior is outputted as speed of the car which moves along a road, and the current position is 
outputted as a location or the name of a place on a map etc. 
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[0016] On the other hand, the mean velocity count means 13 calculates the average (mean velocity 
AVI) of the rate of the mobile calculated with the navigation problem means 12 at the time of reception 
of a GPS signal at the time of reception. This average speed AVI asks for the new rate data nearer to 
current time of day by adjustment computation with weight to which weight becomes large. Moreover, 
the navigation problem means 12 maintains the mean velocity AVI calculated to last time as current 
mean velocity AVI at the time of un-receiving [ of a GPS signal ]. In addition, the mean velocity count 
means 13 is good also as what calculates mean velocity AVI based on the doppler shift frequency 
detected by GPS receiver 1 at the time of reception. 

[0017] The abnormality judging means 14 in a rate judges the abnormalities of the rate calculated by the 
navigation problem using the mean velocity AVI calculated by the mean velocity count means 13 at the 
time of reception at the time of un-receiving [ of a GPS signal ]. Supposing the rate of a mobile is able to 
expect that it is distributed within the limits of the lower limit VL 1 computed by "(mean velocity AVI) 
-VI" and the upper limit VH1 computed by "(mean velocity AVI) +V2", specifically It judges with the 
abnormality judging means 14 in a rate having the unusual rate computed by a certain cause by the 
navigation problem, when there is no rate calculated by the navigation problem within the limits of a 
lower limit VL 1 thru/or a upper limit VH1. In addition, VI and V2 are values set up beforehand, and 
they search the thing according to the value of mean velocity AVI from the data table stored in the 
memory section (illustration abbreviation) as these values of VI and V2, for example, and you may 
make it choose the optimal thing from two or more combination of VI and V2. 
[0018] The navigation problem means 12 re-calculates the rate used for location count, the rate 
outputted to the equipment exterior, and a location based on the mean velocity AVI from the mean 
velocity count means 13 at the time of reception, when it judges that the display speed by the navigation 
problem is unusual with the abnormality judging means 14 in a rate. Moreover, the navigation problem 
means 12 may re-calculate a location etc. based on the rate set up by considering as a upper limit VH1 
when this rate is larger than a upper limit VH1 , making a rate into a lower limit VL 1 when a rate is 
smaller than a lower limit VL 1 , and doing in this way. Then, when it returns to the condition that a GPS 
signal is receivable again, or a mobile stands it still and errors, such as a rate and acceleration, are 
amended, the navigation problem means 12 cancels the abnormalities in a rate, and resumes the usual 
rate operation. 

[0019] As explained above, according to the location calculation equipment of this operation gestalt, 
also at the time of un-receiving [ of the GPS signal from a GPS Satellite ] When the abnormality judging 
to the rate calculated with the data from the inertial-navigation sensor 11 is attained and it judges that a 
rate is unusual with the abnormality judging means 14 in a rate at this time By re-calculating the rate and 
location of a mobile based on the mean velocity AVI calculated by the mean velocity count means 13 at 
the time of reception While dissociation of whenever [ real velocity / of a mobile ] can continue and 
obtain few rates also in the time of un-receiving [ of a GPS signal ], the current position of a mobile can 
be presumed with a sufficient precision. 

[0020] (Gestalt 2 of operation) Drawing 2 is the block diagram showing the outline configuration of the 
location calculation equipment by the gestalt 2 of operation of this invention, attaches the same sign 
about the member corresponding to the member explained based on drawing 1 and drawing 3 , and 
omits explanation. 21 is a mean velocity count means, 22 is an abnormality judging means in a rate, and 
the point that the location calculation equipment of the gestalt 2 of operation differs from the location 
calculation equipment of the gestalt 1 of operation constitutionally is a point of having replaced with the 
abnormality judging means 14 in a rate, and having established the abnormality judging means 24 in a 
rate while adding the mean velocity count means 21 . 

[0021] Next, actuation of the location calculation equipment of this operation gestalt is explained. The 
mean velocity count means 21 calculates the average (mean velocity AV2) of a display speed based on 
the rate of the mobile which is not concerned at the time of reception of a GPS signal, and un-receiving, 
but the navigation problem means 12 computes by the navigation problem. This mean velocity AV2 
asks for the new rate data nearer to current time of day like the mean velocity count means 1 3 by 
adjustment computation with weight to which weight becomes large at the time of reception. 
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[0022] The abnormality judging means 22 in a rate judges whether the rate by the navigation problem is 
unusual using the mean velocity AV2 calculated by the mean velocity count means 21, and the mean 
velocity AVI calculated by the mean velocity count means 13 at the time of reception at the time of un- 
receiving [ of a GPS signal ]. Supposing mean velocity AV2 is able to expect that it is distributed within 
the limits of the lower limit VL 2 computed by "(mean velocity AVI) -V3" and the upper limit VH2 
computed by "(mean velocity AVI) +V4", specifically When there is no abnormality judging means 22 
in a rate of AV2 mean velocity within the limits of a lower limit VL 1 thru/or a upper limit VH1, it 
judges with the rate by the navigation problem being unusual according to a certain cause. In addition, 
V3 and V4 are values set up beforehand, and they search the thing according to the value of mean 
velocity AVI from the data table stored in the memory section (illustration abbreviation) as these values 
of V3 and V4, for example, and you may make it choose the optimal thing from two or more 
combination of V3 and V4. Here, since it judges whether the rate according not the rate itself but the 
mean velocity AV2 to a navigation problem is normal as compared with mean velocity AVI, V3 and V4 
for a judgment become a value which is different in the judgment constants VI and V2 generally used in 
case the rate by the navigation problem is judged. 

[0023] The navigation problem means 12 re-calculates the rate of the mobile used for location count, the 
rate outputted outside, and a location based on the mean velocity AVI computed by the mean velocity 
count means 13 at the time of reception, when it judges that the rate by the navigation problem is 
unusual with the abnormality judging means 24 in a rate. Moreover, the navigation problem means 12 
may compute the rate of the mobile used for location count based on the rate set up by considering as a 
upper limit VH4 when this rate is larger than a upper limit VH4, making the rate by the navigation 
problem into a lower limit VL 3 when a display speed is smaller than a lower limit VL 3, and doing in 
this way, the rate outputted outside, and a location. Then, when it returns to the condition that a GPS 
signal is receivable again, or a mobile stands it still and errors, such as a rate and acceleration, are 
amended, the navigation problem means 12 cancels the abnormalities in a rate, and resumes the usual 
rate operation. 

[0024] As explained above, according to the location calculation equipment of this operation gestalt, by 
using mean velocity AVI and mean velocity AV2 also at the time of un-receiving [ of the electric-wave 
signal from a GPS Satellite ] Effect of short-term velocity turbulence is lessened, and it becomes 
possible to perform the abnormality judging to the rate calculated with the data from the inertial- 
navigation sensor 1 1 with a sufficient precision, under the present circumstances, when it judges that a 
rate is unusual with the abnormality judging means 22 in a rate By re-calculating the rate and location of 
a mobile based on the mean velocity AVI calculated by the mean velocity count means 13 at the time of 
reception While dissociation of whenever [ real velocity / of a mobile ] can continue and obtain few 
rates also in the time of un-receiving [ of a GPS signal ], the current position of a mobile can be 
presumed with a sufficient precision. 
[0025] 

[Effect of the Invention] As explained above, according to the location calculation equipment of this 
invention according to claim 1 The abnormality judging to the rate calculated with the data from an 
inertial-navigation sensor also at the time of un-receiving [ of the electric-wave signal from a GPS 
Satellite ] is attained, under the present circumstances, when it judges that a rate is unusual with the 
abnormality judging means in a rate While dissociation of whenever [ real velocity / of a mobile ] can 
continue and obtain few rates also in the time of un-receiving [ of a GPS signal ] by re-calculating the 
rate and location of a mobile based on the mean velocity calculated by the mean velocity count means at 
the time of reception Since the current position of a mobile can be presumed with a sufficient precision, 
the rate of the mobile outputted outside and the error of a location can always be made small. 
[0026] Moreover, according to location calculation equipment according to claim 2, effect of short-term 
velocity turbulence is lessened also at the time of un-receiving [ of the electric-wave signal from a GPS 
Satellite ]. It becomes possible to perform the abnormality judging to the rate calculated with the data 
from an inertial-navigation sensor with a sufficient precision, under the present circumstances, when it 
judges that a rate is unusual with the abnormality judging means in a rate While dissociation of 
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whenever [ real velocity / of a mobile ] can continue and obtain few rates also in the time of un- 
receiving [ of a GPS signal ] by re-calculating the rate and location of a mobile based on the mean 
velocity calculated by the mean velocity count means at the time of reception Since the current position 
of a mobile can be presumed with a sufficient precision, the rate of the mobile outputted outside and the 
error of a location can always be made small. 



[Translation done.] 
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